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I. A steerable electrophysiology catheter comprising: 
a har\dle; 

a shaft having a proximal end extending from the handle, a distal end. and an 

axial lumen therebetween; 

a denectable tip having a proximal end secured to the distal end of the shaft, a 
distal end and an axial tip lumen in communication with the axial lumen of the shaft; 

at least one electrode secured to the deflecuble tip; 

an electrical currem path between the handle and the electrode; 

a manipulator wire extending through the axial lumen of the shaft and the tip 
lumen, the manipulator wire having a disul end secured to the distal end of the 
deflectable tip and a proximal end at the handle; 

the handle comprising a manipulator wire driver axially drivingly coupled to 
the proximal end of the manipulator wire to apply an axial force to the manipulator 
wire to deflect the deflecuble tip into a first curvature; and 

a tubular strain relief member acting as an interface between the shaft and the 
handle, the strain relief member having an inside surface and the shaft having an 
outside surface, the inside surface of the strain relief and the outside surface of the shaft 
made of heat weld compatible materials so the strain relief and the tube can be heai 
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STEERABLE ELECTROPHYSIOLOGY CATHETER 
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BACK6ROUSn> O? TSS zsmssi^xoH 
The present invention relates generally to steerable 
catheters, and more specifically to steerable electrophysiology 
catheters for use in mapping and ablation of the heart. 
10 The heart includes a number of pathways which are 

responsible for the propagation of signals necessary for 
normal, electrical and mechanical function. The present 
invention is concerned with treatment of tachycardia, 
abnormally rapid rhythms of the heart caused by the presence of 
15 an arrhythmogenic site or accessory pathway which bypasses or 
short circuits the normal pathways in the heart. Tachycardias 
may be defined as ventricular tachycardias (VTs) and 
supraventricular tachycardias (SVTs) . VTs originate in the 
left or right ventricle and are typically caused by 
2 0 arrhythmogenic sites associated with a prior myocardial 

infarction, SVTs originate in the atria and are typically 
"Tsl caused by an accessory pathway. 

'oS Treatment of both ventricular and supraventricular 

SoS I tachycardias may be accomplished by a variety of approaches, 
%o,.'2 5 including drugs, surgery, implantable pacemakers/ 

0 0 

1 defibrillators, and catheter ablation. While drugs may be the 
treatment of choice for many patients, drugs typically only 
mask the symptoms and do not cure the underlying cause. 
Implantable devices, on the other hand, usually can correct an 

30 arrhythmia only after it occurs. Surgical and catheter-based 
] treatments, in contrast, will actually cure the problem usually 
by ablating the abnormal arrhythmogenic tissue or accessory 
pathway responsible for the tachycardia. The catheter-based 
treatments rely on the application of various destructive 

a 

•3 5 energy sources to the target tissue including direct current 
electrical energy, radiof requency electrical energy, laser 
energy, and the like. 

Of particular interest to the present invention, are 
radiof requency (RF) ablation protocols which have proven to be 
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highly effective in uchycardia treatment while exposing the patient to minimum side 
effects and risks. Radiofrequency catheter ablation is generally performed after an 
initial mapping procedure where the locations of the arrhythmogenic sites and accessory 
pathways are determined. After mapping, a catheter having a suitable electrode is 
introduced to the appropriate heart chamber and manipulated so that the electrode lies 
proximate the target tissue. Radiofrequency energy is then applied through the 
electrode to the cardiac tissue to ablate a region of the tissue which forms part of the 
arrhythmogenic site or the accessory pathway. By successfiilly destroying that tissue, 
the abnormal signalling patterns responsible for the tachycardia cannot be sustained. 
Catheters designed for mapping and ablation frequently include a number of individual 
electrode bands mounted to the distal tip of the catheter so as to facUitate mapping of a 
wider area in less time, or to Improve access to target sites for ablation. Such catheters 
are described in U.S. Patent No. 5,318,525 issued June 7. 1994 for Steerable Electrode 
Catheter, the complete disclosure of which is incorporated herein by reference. As 
described in that patent, it is frequently desirable to deflect the distal tip of the catheter 
into a non-linear configuration such as a semicircle, which facilitates access to 
substantially all of the heart walls to be mapped or ablated. Such deflection may be 
accomplished through the use of pull wires secured to the distal tip which can be 
tensioned from the proximal end of the catheter to deflect the tip in the desired 
conflguration. In addition, mapping and ablation catheters may facilitate rotational 
positioning of the distal tip, either by rotating the entire catheter from the proximal end. 
or, in the catheter 
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described in U.S. Patent No. 5,318,525, by exerting torque on a 
core wire secured to the distal tip without rotating the 
catheter body itself. 

Catheters utilized in radiof reguency ablation are 
inserted into a major vein or artery, usually in the neck or 
groin area, and guided into the chambers of the heart by 
appropriate manipulation through the vein or artery. Such 
catheters must facilitate manipulation of the distal tip so 
that the distal electrode can be positioned against the tissue 
region to be ablated. The catheter must have a great deal of 
flexibility to follow the pathway of the major blood vessels 
into the heart, and the catheter must permit user manipulation 
of the tip even when the catheter is in a cuxrved and twisted 
configuration. Because of the high degree of precision 
required for proper positioning of the tip electrode, the 
catheter must allow manipulation with a high degree of 
sensitivity and controllability. In addition, the distal 
portion of the catheter must be sufficiently resilient in order 
to be positioned against the wall of the heart and maintained 
in a position during ablation without being displaced by the 
movement of the beating heart. Along with steerability , 
flexibility, and resiliency, the catheter must have a 
sufficient degree of torsional stiffness to permit user 
manipulation from the proximal end. 

While mapping and ablation catheters having the 
aforementioned def lectability and steerability have had 
promising results, such catheters suffer from certain 
disadvantages. One such disadvantage is the inability to 
select a desired curvature of deflection in the distal tip. In 
known catheters, the curvature in the distal tip is determined 
by the degree of bending stiffness of the distal tip and the 
degree of tension exerted on the pull wires coupled to it. In 
any one catheter, the curvature achieved in the distal tip will 
be the same for any given amount of tension exerted on the pull 
wires. Thus, if the user desires a particular shape in the 
distal tip, for example, a semicircle, a particular amount of 
tension must be exerted on the pull wires, and the semicircular 
curvature assumed by the distal tip will always have the same 



radius. Because of the variation in the size of the heart among various patients, as well 
as the various locations in which a mapping or ablation site may be disposed, it may be 
discovered during a procedure that the curvature of a given catheter is unsuitable, 
requiring the catheter to be removed from the patient and replaced with another catheter 
of suitable configuration. 

For these and other reasons, a steerable electrophysiology catheter for use in 
mapping and ablation is desired which facilitates selective adjustment of the curvature 
of the distal tip, and which has improved positionability. particularly in rotational 
positioning. More specifically, the electrophysiology catheter should permit adjustment 
of die curvature of the deflectable tip without removing the catheter from the patient. 
The catheter should further have the steerability, flexibility, resilience and torsional 
stiffness required for transluminal positioning in the heart and accurate guidance of the 
electrodes to a target site. In addition, when the distal tip is in a deflected 
configuration, the catheter should be rotationally positionable without rotating its 
proximal end. This would permit fme control of tip positions without gross rotational 
movements of the shaft. Since the entire catheter shaft would not need to rotate to 
cause the laterally deflected tip to move about the longitudinal axis, much less friction 
would need to be overcome so to permit smooth, fme, precise movements of the tip. 

SUMMARY OF THE IWVEIMTJOW 
There is disclosed herein a steerable electrophysiology catheter comprising: 
a handle: 

a shaft having a proximal end extending from the handle, a distal end, and an 

axial lumen therebetween; 

a deflectable tip having a proximal end secured to the distal end of the shaft, a 
distal end and an axial tip lumen in communication with the axial lumen of the shaft; 

at least one electrode secured to the deflectable tip; 

an electrical current path between the handle and the electrode; 

a manipulator wire extending through the axial lumen of the shaft and the tip 
lumen, the manipulator wire having a distal end secured to the distal end of the 
deflectable tip and a proximal end at the handle; 

the handle comprising a manipulator wire driver axially drivingly coupled to 
the proximal end of the manipulator wire to apply an axial force to the manipulator 
wire to deflect the deflectable tip into a first curvature; and 

a tubular strain relief member acting as an interface between the shaft and the 
handle, the strain relief member having an inside surface and the shaft having an 
outside surface, the inside surface of the strain relief and the outside surface of the shaft 
made of heat weld compatible materials so the strain relief and the lube can be heal 
weldable to one another without the use of an adhesive. 
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There is further disclosed herein a sieerable elecuophysiology catheter 
comprising: 

a handle; 

a shaft having a proximal end extending from the handle, a distal end, and an 
5 axial lumen therebetween; 

a denectable tip having a proximal end secured to the distal end of the shaft, a 
distal end and an axial tip lumen in communication with the axial lumen of the shaft; 

at least one electrode secured to the deflectable tip; 

an electrical current path between the handle and the electrode; 
io a manipulator wire extending through the axial lumen of the shaft and the tip 

lumen, the manipulator wire having a distal end secured to the distal end of the 
deflectable tip and a proximal end at the handle; 

a manipulator wire driver mounted to the handle and axially drivingly coupled 
to the proximal end of the manipulator wire to apply an axial force to the manipulator 
15 wire to deflect the deflectable tip into a first curvature; and 

said manipulator wire driver including a first, axially movable element secured 
to the manipulator wire, a second element rotatably mounted to the first element and 
cam means for biasing a chosen one of the first and second elements against the handle 
so to secure the manipulator wire driver at a chosen axial position according to the 
20 rotary orientation of the second element. 

There is further disclosed herein a steerable electrophysiology catheter 
comprising: 

a handle: 

a shaft having a proximal end extending from the handle, a distal end, and an 
25 axial lumen therebetween; 

a deflectable tip having a proximal end secured to the distal end of the shaft, a 
distal end and an axial tip lumen in communication with the axial lumen of the shaft; 
at least one electrode secured to the deflectable tip; 
an electrical current path between the handle and the electrode; 
30 a core wire disposed in the axial lumen of the shaft and the tip lumen, the core 

wire having a distal end rotatably driveably coupled to the deflectable tip and a 
proximal end ai the handle; and 

the handle comprising a core wire rotator rotaiively drivingly coupled to the 
proximal end of the core wire so to rotate the core wire about its axis thereby rotating 
35 the deflectable tip about a longimdinal axis without the need to rotate tlie proximal end 
of the shaft. 
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In a preferred aspect of the invention, a steerable 
electrophysiology catheter comprises a shaft with a first 
bending stiffness, the shaft having a proximal end, a distal 
end, and an axial lumen therebetween. A deflectable tip with a 
second bending stiffness less than the first bending stiffness 
has a proximal end secured to the distal end of the shaft, a 
distal end, a first radially offset axial lumen and a second 
axial lumen in communication with the axial lumen of the shaft. 
At least one electrode is secured to the deflectable tip. An 
appropriate conductor is provided for delivering current from 
the proximal end of the shaft to the electrode. At least one 
manipulator wire extends through the axial lumen of the shaft 
and the first axial liimen of the deflectable tip, and has a 
distal end secured near the distal end of the deflectable tip 
and a proximal end near the proximal end of the shaft. Axial 
force is applied to the manipulator wire at the proximal end of 
the shaft to deflect the deflectable tip into a first 
curvature. A stiffener wire is slidably disposed in the axial 
lumen of the shaft and the second axial lumen of the 
deflectable tip. The stiffener wire has a bending stiffness 
such that, when advanced into a section of the tip, the 
stiffener wire increases the stiffness of such tip section to a 
value between the first bending stiffness and the second 
bending stiffness. The stiffener wire is moved axially 
relative to the deflectable tip from the proximal end of the 
shaft such" that at least a portion of the deflectable tip 
assumes a second curvature. By axial translation of the 
stiffener wire relative to the deflectable tip, a desired 
degree of curvature may be selected for the deflectable tip 
according to the size of the heart or location of the target 
Site to be mapped or ablated. The manipulator wire preferably 
has sufficient columnar strength to permit it to be pushed back 
through the shaft to re-straighten the shaft. 

In an exemplary embodiment, the shaft will include 
reinforcement embedded in a wall thereof for reinforcing the 
shaft, giving it the Jrrst bending stiffness. Preferably, the 
reinforcement comprises a wire mesh embedded in the polymeric 
wall, of the shaft to aid the transmission of torque. The shaft 



will preferably have a Durometer in the range of 35D to 75D, 
while the deflectable tip will have a Durometer in the range of 
30D to 55D. The stiffener preferably becomes gradually more 
flexible towards its distal end, but is generally stiff enough 
to increase the tip stiffness when advanced into the tip. 
Torsional stiffness can also be enhanced by using a shaft 
having a high durometer inner tube instead of or in addition to 
the torque-transmitting reinforcement embedded in the shaft 
wall. 

In a further embodiment, the deflectable tip can be 
rotated about a longitudinal axis without rotating the proximal 
end of the shaft. Preferably, this is carried out using a core 
wire disposed in the axial lumen of the shaft and one of the 
axial lumens of the deflectable tip, the core wire having a 
distal end coupled near the distal end of the deflectable tip 
and a proximal end near the proximal end of the shaft. A 
torque is exerted on the proximal end of the core wire so as to 
rotate the deflectable tip. Usually, the deflectable tip will 
have a third axial lumen, between its proximal and distal ends 
in communication with the axial lumen of the shaft, in which 
the core wire is disposed. 

In a preferred embodiment the core wire has a 
symmetrical cross-sectional shape, typically round, and is 
connected to the distal end of the deflectable tip. This 
arrangement causes the distal end of the tip, when laterally 
deflected "by pulling on the manipulator wire and then rotated 
by torquing the core wire, to move in a somewhat irregular, 
corkscrew-like manner. This out-of-plane deflection has proven 
advantageous in use since it allows the physician to access 
areas which would otherwise be quite difficult to reach. 

In some situations it may be desired that the distal 
end of the deflectable tip remain at a substantially constant 
longitudinal position with the distal end of the deflectable 
tip remaining substantially within a plane perpendicular to the 
shaft. To do so, the core wire could have a distal portion 
with a cross-sectional width and thickness, the width being 
substantially greater than the thickness. Further, the third 
axial lumen in the deflectable tip could have a cross-sectional 



width and height, tht: width being substantially greater than 
the height. In this way, the distal portion of the core wire 
would be trapped within the third axial Ixiinen in the 
deflectable tip so that the core wire would not rotate relative 
5 to the deflectable tip. At the same time, the cross-sectional 
configuration of the distal portion of the core wire would give 
the core wire an anisotropic bending characteristic so as to 
maintain the core wire in alignment with the longitudinal axis, 
thereby maintaining the longitudinal position of the distal end 
10 as the deflectable tip is rotated. The core wire, at its 
proximal end, would preferably have a round cross-sectional 
shape for effective torque transmission to the tip with no 
whip. The proximal end of rectangular distal portion of the 
core wire could be locked in place in the tip, such as by heat 
15 fusing. This would allow the core wire to transmit the 

torquing force to the tip at this point. This would further 
help to prevent "flipping" of the core wire as the tip is 
rotated. 

If desired, the distal portion of the core wire could 
2 0 extend through most but not all of the tip, but would not be 
secured to an anchor plate. This would allow the core wire to 
move longitudinally within an axial lumen in the tip when the 
tip is deflected by manipulator wire to improve bending 
characteristics. 

25 In a preferred embodiment, the catheter will further 

include a handle coupled to the proximal end of the shaft. In 
an exemplary embodiment, a first slide is axially slidable on 
the handle and is secured to the proximal end of the stiffener 
wire to move the stiffener wire axially. A second slide is 
»30 axially slidable on the handle and is secured to the proximal 
end of the manipulator wire to move the manipulator wire 
axially. Other axial drives, including rack and pinion or a 
worm gear drive, could be used in lieu of the slides. In 
addition, a third control for lateral deflection comprises a 
35 ring gear which drives a smaller pinion gear. The pinion gear 
is in turn connected to the core wire. Rotating the ring gear 
rotates the pinion and core wire, twisting the catheter tip for 
lateral deflection. Various ring/pinion gear ratios may be 
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employed to produce different tip lateral deflections for a 
given rotational input. Friction locks or detent ^elements may 
be applied to the first and/or second slides so as to hold the 
stiff ener wire and/or manipulator wire in tension witu the 
deflectable tii in a deflected configuration. Similar locks 
may be applied to the ring/pinion gear mechanism. 

In a further preferred embodiment, the handle 
comprises at least two detachable sections, a first detachable 
section including the structure for moving the stiffener wire 
and a seccnd detachable section including the structure for 
applying force to the manipulator wire. A third detachable 
section could include structure for rotating the core wire. 
The detachable sections will preferably comprise universal 
connectors for connecting the detachable sections to each 
other. The universal connectors preferably comprise a snap fit 
adapt:^r, wherein a male snap fitting on one detachable section 
engages a female snap fitting in another detachable section. 
In this embodiment, the catheter handle is' modular, allowing 
various detachable sections to be selectively added or removed 
by tha manufacturer depending upon the capabilities desired in 
the catheter, e.g. def 1 ectability , rotatability , or stiffener 
control . 

In a still furthe- preferred embodiment, the handle 
comprises a tip deflection slide ring and/or a curvature 
deflection slide ring which can be locked into place by a 
simple one' handed maneuver by the user. This is preferably 
accomplished using a collet-like structure having an inner 
slide ring, with a radially deflectable arm, and an outer ring. 
The inner slide ring can move axially but not rotate while the 
outer ring can rotate about the inner slide ring and moves 
axially with the collet slide ring. The two rings include 
camming surfaces which cause the radially deflectable arm of 
the collet slide ring to be biased inwardly against the handle 
housing according to the relative rotary positions of the inner 
and outer rings. The user simply adjusts the outer ring to 
provide the appropriate amount of sliding friction to retain 
the slide ring in the appropriate axial position. If the 
surfaces ever wear and fail to provide appropriate friction, 



the outer ring can merely be tightened against the inner ring 
to reattain the proper amount of friction. 

Another feature of this further preferred embodiment 
relates to the positioning of t'he torquer ring. Instead of 
using a ball detent arrangement to secure the torquer ring in 
an appropriate rotary position, this embodiment uses a spring 
washer captured between a stationary retainer ring, which 
extends from the housing, and the torquer ring. Rotation of 
the torquer ring creates a frictional drag force on at least 
one of the faces of the spring washer to allow the torquer ring 
to remain in place regardless of its rotary orientation. 
Precise positioning of the torquer ring is not inhibited by the 
use of spring detents but is infinitely variable. 

The core wire in this further preferred embodiment is 
preferably a floating core wire so that deflection of the tip 
by the manipulator wire is not hindered by the core wire. This 
is achieved in this embodiment by having the proximal end of 
the core wire engage the core wire drive pinion in a manner 
that the core wire can slide axially through the pinion but is 
constrained to rotate with the pinion. 

A further aspect of the invention is the use of a 
strain relief of a material which can be heat bonded to the 
jacket of the shaft thus eliminating the need for an adhesive. 
This eliminates the problems caused when adhesives break down 
during reuse. This is preferably accomplished using a strain 
relief made of the same material as the top coat of the shaft 
and heat welding the two together to create an excellent bond. 

In a preferred aspect of the method of the invention, 
a catheter is introduced through a vessel so that a distal end 
of the catheter is positioned in the heart, the catheter having 
a shaft with a first bending stiffness. An axial force is 
applied to a manipulator wire coupled to a deflectable tip 
secured to a distal end of the shaft so as to deflect the 
deflectable tip in a first curvature, the deflectable tip 
having a second bending stiffness less than first bending 
stiffness. A stiff ener wire may be axially translated in ^n 
axial lumen of the deflectable tip such that the deflectable 
tip assumes a second curvature. Current is then applied 
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through at least a first electrode on the deflectable tip to a 
target site on the wall of the heart, for purposes of pacing 
and/ or ablation. For mapping, the one or more electrodes are 
passive and provide heart electrical signals to an ECG. In one 
embodiment, the stiffener is translated to a position co- 
extensive with only a proximal portion of the deflectable tip, 
whereby the proximal portion of the deflectable tip assumes a 
curvature which is different than a distal portion of the 
deflectable tip. 

The method of the invention may further include 
rotating the deflectable tip about a longitudinal axis parallel 
to the shaft without rotating the proximal end of the shaft. 

A further understanding of the nature and advantages 
of the invention may be realized by reference to the remaining 
portions of the specification and the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of a steerable 
electrophysiology catheter constructed in accordance with the 
principles of the present invention; 

Fig. lA is a perspective view of a distal portion of 
the electrophysiology catheter of Fig. 1; 

Fig. 2A is a side cross-sectional view of the distal 
portion of the catheter of Fig. 1; 

Figs. 2B and 2C are transverse cross-sectional views 
taken along lines 2B-2B and 2C-2C, respectively, through the 
distal portion of the catheter of Fig. 2A; 

Figs. 3A and 3B are side cross-sectional views of a 
distal portion of the catheter of Fig. 1 illustrating two 
possible tip configurations? 

Fig. 4. is a perspective view of a catheter similar to 
that of Fig. i illustrating the corkscrew-like rotational 
motion of the deflectable tip imparted by the core wire; 

Figs. 4A and 4B aie enlarged perspective and top 
views of the deflectable tip of Fig. 4; 

Fig, 5A is a side cross-sectional view of the handle 
of the catheter of Fig. 1; 
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Fig, 5B is a transverse cross-sectional view through 
line 5B-5B in the handle of Fig. 5A; 

Figs, 6A-6C are schematics of the handle of the 
catheter of Fig- 1, illustrating various configurations of the 
detachable handle sections; 

Fig, 7 is an enlarged side cross-sectional view of 
the shaft and tip of an alternative embodiment of the 
invention? 

Fig. 7 A is a cross-sectional view taken along line 

7A-7A in Fig, 7? 

Fig, 8 is an enleirge side cross-sectional view of the 
handle of an alternative embodiment of the invention without 
any wires or leads; 

Figs, 8A and 8B are cross-sectional views taken along 

lines 8A-8B and 8B-8B; 

Figs. 9 and 9A are bottom plan and side cross- 
sectional views of a wiper-type seal for use with the handle of 
Fig, 8; 

Fig, 10 is cross-sectional view of a still further 
embodiment of the invention showing a handle similar to the 
handle of Fig, 8? 

Figs, lOA and lOB are enlarged cross-sectional views 
taken along lines lOA-lOA and lOB-lOB of Fig, 10? 

Fig. IOC is an enlarged view of the distal portion of 
the handle of Fig. 10; 

"Fig. lOD is an enlarged view taken along line lOD-lOD 
of Fig. IOC showing the structure which locks the retaining 
ring onto the housing? 

Figs. 11 and llA are top plan and cross-sectional 
views of the spring washer of Fig. IOC; 

Figs. 12A and 12B are cross sectional views of 
sections of an alternative embodiment of the invention similar 
to the views of Figs. 2B and 2C, respectively; 

Figs. 13A and 13B are cross sectional views of the 
tip of the embodiment of Fig. 12 taken at right angles to one 
another ; 
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Figs. 14, 14A and 14B are distal end, cross-sectional 
and proximal end views of the tip insulator connector of Figs, 
13A and 13B; and 

Fig, 15 is a top plan view of the lower housing half 
5 of an alternative embodiment of the housing of Fig. 10 in which 
the tip deflection slide ring is used, the core wire and 
stiff ener wire being secured in chosen positions, typically 
during manufacture, so not to be changeable by the user* 

10 DSSC^?«riOS9 O? SP3CZ?IC S£2BODXmHTS 

Electrophysiology catheters constructed in accordance 
with the principles of the invention will include a shaft, a 
deflectadsle tip mounted to the distal end of the shaft and a 
handle secured to the proximal end of the shaft. Th6 shaft 
15 will have an axial lumen extending between its proximal and 

distal ends. The deflectable tip will have at least two axial 
lumens, one of the lumens being laterally offset from the 
central longitudinal axis. At least one manipulator wire will 
be disposed in the offset axial lumen of the deflectable tip 
20 and the axial lumen of the shaft, and will be coupled at its 
distal end to the distal end of the deflectable tip. Heans 
will be coupled to the handle for applying an axial force to 
the manipulator wire so as to deflect the distal end of the 
deflectable tip. The manipulator wire may be configured for 
25 either tension or compression to deflect the tip, but usually 
will be a 'flexible wire of stainless steel or the like for 
applying a tensile force to pull on the distal end of the 
deflectable tip. Such application of tension will cause the 
deflectable tip to assume a curvature based largely on the 
o*««^ 30 degree of bending stiffness of the deflectable tip. Both the 
shaft and the deflectable tip will have a bending stiffness 
which is low enough to allow the catheter to be transluminal ly 
positioned through a tortuous path into the heairt. However, 
the deflectable tip will have a bending stiffness substantially 
35 less than that of the shaft so that the shaft has sufficient 
column strength to remain substantially undeflected when the 
manipulator wire is tensioned, and the deflectable tip is 
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sufficiently flexible for deflection into a non-linear 
configuration of small curvature. ^ 

It -s desirable to have a smooth transition in 
stiffness at ;he junction of the distal ^^^.^ 
the proximal end of the flexible tip to prevent 
can be accomplished by varying the stiffness of one^or both of 
the flexible tip and the shaft in the regions adoacent their 
;!::ction, and by varying the stiffness of the stiffener wire 
and core wire along their lengths. 

The catheter will further include a etiffener vxre 
slidably disposed In the axial 1«^ of the shaft and an ex..l 
l^n Of the deflectable tip. Mean, will be provide, on the 
handle for eliding the stiffener wire relative to the 
deflectable tip, thereby chan^in, the 

deflectable tip according to the position of "'-.^*^«^« 
wire, in this way, the deflectable tip Bay be g.ven a des.red 
curvature by appropriate tensioning of the .anipuletor w.re 
and/or longitudinal adjusteent of the stiffener 

in a further aspect of the invention, a steereble 
electrophysiological catheter will include neans^for rotating 
the distal end of the deflectable tip without rotating the 
proximal end of the shaft, whereby the distal end of the 
deflectable tip reeains in a substantially constant 
longitudinal position. Preferably, during such rotation, the^ 
Ustal end of the deflectable tip will move in a corKscrew-lx.e 
manner to -permit access to regions which would otherwise be 

difficult to reach. ^ 

Referring now to Fig. 1, electrophysiology catheter 
ao includes a shaft 22 having a distal end 24 and a proximal 
end 26. K deflectable tip 26 is fixed to distal end 24 cf 
Shaft 22. Deflectable tip 28 has a distal end 
plurality of electrodes 32 including a tip electrode M and 

electrode bands 36. ^ „^ „f ^y^^ft. 

A handle 38 is secured to proximal end 26 of shaft 
22. Handle 38 includes a tip deflection slide 40, core wire 
torquer ring 42 and curvature adjustment slide - ^^J^ 
an electrical connector 46, all described more V ^^^^^ 

illustrated in Fig. lA, deflectable tip 28 may be deflected 
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from a straight configuration into a variety of shapes and 
curvatures, up to at least 270** relative to shaft 22, by 
adjustment of tip deflection slide 40, curvature adjustment 
slide 44 and core wire torquer ring 42. 
5 Referring now to Figs. 2A-2C, shaft 22 has an axial 

lumen 48 between its proximal and distal ends. The preferred 
: mstruction of shaft 22 includes a polyimide or ULTEM" inner 
tube 50 surrounded by an extruded topcoat 52 of a flexible 
polymer such as PEBAX. The use of a relatively stiff inner 
10 tube 50 within topcoat 52 provides a significant ability to 
transmit torque along shaft 22. To add additional torsional 
and bending stiffness to shaft 22, a braided reinforcement 54, 
usually stainless steel, is embedded in topcoat 52 o With this 
construction, topcoat 52 will have a Durometer reading 
15 preferably in the range of 35D to 75D. 

Deflectable tip 28 will preferably be a unitary 
extrusion of a flexible polymer such as PEBAX with a Durometer 
reading in the range of 30D to 55D. Tip 28 may include 
internal reinforcement using materials such as polyimide or 
20 ULTEM. In a preferred embodiment, the deflectable tip will 

have three axial lumens extending from its proximal end to its 
distal end, all in communication with axial lumen 48 in shaft 
22. A first axial lumen 56 will be radially offset from the 
central longitudinal axis of the deflectable tip through which 
25 a manipulator wire 58 is disposed. Manipulator wire 58 is 
coupled at its distal end 60 to an anchor plate 62 at the 
distal end 30 of deflectable tip 28. Preferably, manipulator 
wire has a diameter of about 0.15 mm and distal end 60 of the 
manipulator wire comprises a ball or similar structure for 
30 retaining the distal end against anchor plate 62. In a 

preferred embodiment, axial lumen 56 will be radially offset 
from the central axis of deflectable tip 2 8 by an amount equal 
to approximately 4 0% to 95% of the radius of the deflectable 
tip. In an exemplary embodiment, deflectable tip 28 and 
35 shaft 22 have a diameter in the range of 5 French (1.65 

mm/. 065") to 7 French (2.34 mm/. 092"), with axial lumen 56 
being offset in the range of 0.66 mm (.026") to 2.21 mm (.087") 
from the central axis. 
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.. ^ora wlr« 72 comprises a stainless 
I„ one ~" from a^ut .30 - .64 .am 

steel wire with a diameter -^^^^J^^'^^^ ^ ,t its 

- t rr <:»o7 - ....s.,. ana 

. « is slidably disposed. In a 
m Which a stlftener " , ^^^n advanced Into 

preferred e.*odiB.nt, ^'^^ , '^^^ bending 

.ip will give „n:„.^^xe tip « axon., .ut 

Stiffness greater than tnar ox 
less than the bending stiffness 

Tn a nref erred embodiment, stiff ener w. 

in a preierre« ^ diameter over most cf 

TEFLON* -coated stainless steel preferably 

^ ,4- -an ^ 51 IDia (.012 - .u^u ; , *r 

its length of about .30 .=1 ^^^^ j5 ^ 

.bout .4e ™ (.013",. "P"^/"™ !'"/^To03 - .010-,. and 
<1.0") to a diameter of about • ^ 

preferably about .13 mm (.005 ,. f ^^^^^^^ ^ , 

length. The tip ''^''^■^^"*"/„,laed thereto, the use of 
0.38 mm (.015", maximum „^ „f the lumen, 

the ball helps to prevent accidental pun ^„,^„re 

« Illustrated in .,,„,.ed W 

imparted to deflect.b e tip 28 ^^^^^ 

axlally translating stiff ener wir ^ 

exerting tension on positioned such that its 

rig. 3^, stiffener wire 66 ^^^J^^^ ,„„en 64 In 

alstal end 68 extends into a aeflectable 
deflectable tip 28. The P-»-^ ""f^^^,,, ,,.refore has a 
tip in Which the stiffener wire is P ,,,,,, 
, bending stiffness which is tension on 

portion of the deflectable tip. Y ^,„^oted into a 

manipulator wire ;^^'^„„,,tudinal position of stiffener 

curvature dependent "P°" ' ^ to the manipulator 

„ire 66 and the degree of tens P ^^^^^^^ ^.^^^^^^ 

5 wire, in Fig. 3B, stiffener wire 

so that the distal end 68 is closer t ^^^^^ 
d.aectable tip. The proximal P°'^ °" the 
occupied by the stiffener wire is now i 
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example of Fig, 3A, giving the distal portion of deflectable 
tip 28 a sma:iler radius of curvature for a given degree of 
tension on manipulator wire 58. In this way, when the catheter 
of the invention has been positioned in the heart, the 
5 configuration of the tip can be selectively adjusted to impart 
the desired curvature and shape to the deflectable tip as 
appropriate for the size and location of the area to be mapped 
and/or ablated- 

Referring again to Figs« 2A-2C, deflectable tip 28 

10 further includes a third axial lumen 70 through which a core 

wire 72 along with electrode wires 74 and thermocouple wires 76 
extend. Each of electrode wires 74 is connected to one of 
electrodes 34, 36 • Thermocouple wires 76, typically copper and 
constantan, extend into an aperture 78 in tip electrode 34 

15 Where they are anchored with high temperature adhesive o (As an 
alternative to stiff ener wire 66, an axially extendable tubular 
stiff ener surrounding core wire 72 could be used*} 

Core wire 72 extends distally through axial lumen 70 
and, in one embodiment, is fixed at its distal end to anchor 

20 plate 62. Catheters utilizing such a core wire construction 
are disclosed in U.S. Patent No. 5,318,525, the complete 
disclosure of which has been incorporated herein by reference. 

Figs. 4-4B illustrate a typical corkscrew-like path 
80 for tip electrode 34 at the distal end of tip 28. This 

2 5 motion is achieved by first pulling on manipulator wire 58 by 

g on tip deflection slide 40 to deflect electrode 34 
laterally and then rotating or torquing core wire 72 by 
rotating torguer ring 42. This non-uniform path 80 has been 
found useful by physicians for permitting access to certain 
30 hard-to-reach areas. For example, mapping and ablation around 
mitral and triscupid valve annulus, especially the free wall 
areas. 

Referring now to Figs. 5A and 5B, handle 38 will be 
described in greater detail. Handle 38 includes a housing 82, 

3 5 usually cylindrical in shape, constructed of a rigid material 

such as ABS, nylon, polycarbonate or polystyrene. Shaft 22 is 
fixed to housing 82 by means of a mechanical grip or an 
adhesive and incorporating a strain relief 84- Deflection 
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adjustment slide 40 and curvature adjustment slide 44 have 
similar construction. Slides 40, 44 include an outer ring 86 
disposed about the periphery of housing 82 so as to slide 
axially thereon. Slots 90 extend axially along housing 82 and 
are in communication with the interior of the housing. Slide 
backing plates 88 are disposed in the interior of housing 82 
and, in this embodiment, longer than slots 90. Rings 86 are 
fixed to slide backing plates 88 by means of screws 92, whereby 
friction between backing plates 88 and the interior of housing 
32 may be increased by tightening screws 92. With respect to 
deflection adjustment slide 40, a hypotube 94 is secured to 
slide backing plate 88, and manipulation wire 58 extends 
through hypotube 94. Wire 58 and hypotube 94 are joined such 
as by crimping, or using an adhesive. A screw 96 in backing 
plate 88 is tightened to frictionally retain hypotube 94. In 
the case of curvature adjustment slide 44, stiff ener wire 66 
extends directly through a bore 98 in slide backing plate 88 
and is retained therein by a set screw 100. It may be seen 
that by sliding deflection adjustment slide 40 and curvature 
adjustment slide 44 axially along slots 90, the deflection of 
the deflectable tip 28 may be appropriately adjusted. The 
deflected shape of the tip may be retained by appropriate 
tightening of screws 92 so that backing plates 88 frictionally 
engage the interior of housing 82. Sliders 88 act to cover 
slots 90 to prevent fluid ingress. If desired, flexible 
external bellows or low Durometer wipers can be used to cover 
slots 90 allowing the use of shorter sliders 88. Instead of 
sliders 88, other types of drivers, such as rack and pinion or 
worm gear drivers, could be used. 

Core wire torquer ring 42 is rotatably coupled to 
housing 82. Torquer ring 42 defines an annular aperture 102 in 
which is disposed a friction ring 104 of rubber or other high 
friction material secured to the torquer ring. A limiter ring 
106 is fixed to the periphery of housing 82 and defines an 
annular channel 108. A pin 110 is fixed in a radial position 
in annular channel 108 and is configured to engage a pin 112 
fixed to torquer ring 42 extending radially inward within 
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annular channel 108. Engagement of pins 110, 112 with each 
other thereby limit© the rotational motion of torquer ring 42. 

Housing 82 includes a partially cylindrical portion 
114, see Fig. 5B, for supporting an inner roller 116. Core 
wire 72 is fixed to inner roller 116 by means of a set screw 
118. Ixmer roller 116 preferably has a knurled outer surface 
to fictionally engage friction ring 104 bonded to torquer ring 
42. In this way, rotation of torquer ring 42 rotates inner 
roller 116, thereby exerting torque on the proximal end of core 
wire 72 o If desired, and with appropriate structural 
modifications, the functions of slider 40 and ring 42 could be 
combined into a single control. 

Preferably, torquer ring 42 comprises a ring gear 
having drive teeth for engaging gear teeth (not shown) on the 
outer surface of inner roller 116, as described in co-pending 
application serial no. 08/085,220, attorney docket no, 14875-3- 
1, entitled "Shapable Handle for Steerable Electrode Catheter," 
filed June 29, 1993, the complete disclosure of which is 
incorporated herein by reference. See also the embodiments of 
Figs. 8 and 10 described below. 

Electrode wire 74 and thermocouple wire 76 extend 
from shaft 22 through the interior of housing 82 and are 
coupled to electrical connector 46. Connector 46 is configured 
for connection to a radiof requency ablation generator, such as 
that described in co-pending application serial no. 07/866,683, 
the disclosure of which has been incorporated herein by 
reference. Connector 4 6 can also be connected to an ECG 
machine for mapping. 

Handle 38 preferably has a modular construction 
facilitating easy interchange of actuator components, depending 
upon the capabilities desired in the catheter. As illustrated 
schematically in Figs, 6A-6C, handle 38 will preferably 
comprise at least two detachable sections, each section having 
a universal fitting for attachment to one of the other 
sections. Each detachable section will include at least one of 
the actuators for steering and deflecting the distal tip of the 
catheter, i.e., tip deflection slide 40, torquer ring 42 or 
curvature adjustment slide 44. In this way, handle 38 may be 
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assembled to include only the components desired by a 
particular user, thereby minimizing the size, cost and 
complexity of the device. 

Where deflection, rotation and curvature control are 
all desired in the catheter, detachable segments having the tip 
deflection slide 40. torquer ring 42, curvature adjustment 
slide 44 as well as electrical connector 46 will all be 
interconnected by means of snap fittings, as shown in Figs. 1 
and 5A. Alternative configurations are illustrated in Fig. 6A- 
6C. In a first alternative configuration, handle 38 is 
provided only with the detachable sections having tip 
deflection slide 40, torquer ring 42 and connector 46. In the 
alternative embodiment of Fig. 6B, torquer ring 42 is left out, 
with tip deflection slide 40 being coupled with curvature 
adjustment slide 44, along with connector 46. In a third 
embodiment, shown in Fig. 6C, only tip deflection sliae 40 is 
provided in conjunction with connector 46. 

Fig. 7 is a view, similar to that of Fig. 2A, of an 
alternative embodiment of the invention with like reference 
numerals referring to like parts. The embodiment of Fig. 7 
differs from the embodiment of Fig. 2A primarily with reference 
to the following. An anchor plate 102 is used to couple 
electrode tip 34 to tip 28. A polyimide tubing 104 is used to 
guide the passage of the distal ends of thermocouple wires 76 
into tip electrode 34. Another polyimide tubing 106 is used to 
surround that portion of stiff ener wire 66 within tip 28. The 
interior of tip electrode and the distal end of polyimide 
tubing 106 are both filled with an electrically insulating, 
thermally conductive adhesive 108. A section 110 of core wire 
72 is thermally fused within axial lumen 70 formed in tip 28 
adjacent distal end 24 of shaft 22. As can be seen best in 
Fig. 7 A, a- wire stiff ener 112 is housed within a polyimide 
tubing 114 within second axial lumen 64. Wire stiff ener 112 
extends from anchor plate 102 proximally to a point where 
stiff ener overlaps core wire 72. Stiffener 112 is used to help 
prevent kinking of tip 28 since core wire 72, in this 
embodiment, does not extend completely to tip electrode 34 or 
adapter 102. If desired, core wire 72 can have a circular 



cross-sectional shape along its entire length; also, stiffener 
112 and tubing 114 can be omitted if kinking is not expected to 

be a problem* 

Fig, 8 illustrates an alternative embodiment of 
handle 38, again with like reference numerals referring to like 
elements. Housing 82 is shown to include three housing 
sections 116, 118 and 120. Housing section 118 is mounted to 
housing sections 116 and 120 using complementary snap-fit 
joints 122 so that, if desired, housing section 116 can be 
mounted directly to housing section 120. Instead of backing 
plates 88, deflection adjustment slider 40 and curvature 
adjustment slider 44 use front and rear ball sliders 123, 124. 
Ball sliders 123, 124 each have a semi-cylindrical base 126 
having four recesses in its curved outer surface 128 and within 
which steel balls 130 are mounted. Steel balls ride against 
the inside surfaces 132, 134 of housing sections 116, 120, 
respectively. The ball shapes may be formed as integral 
extensions of base 126. Tightening screws 136, 138 permits the 
user to adjust the friction between sliders 40, 44 and housing 
82, It has been found that ball sliders 122, 124 provide 
smooth and highly adjustable frictional characteristics. While 
not shown in this embodiment, fluid shields, such as of the 
type shown in Figs. 5A and 5B created by backing plates 88, or 
by an external bellows type fluid shields, or using external 
vipers 139 shown in Figs. 9 and 9A, could be used to cover 
slots 90 'in the embodiment of Fig. 8. 

Torquer ring 4 2 includes an integrally formed 
internal ring gear KG which mates with a pinion 142 carried by 
a torquer housing 144. The proximal end of core wire 72 (not 
shown in Fig. 8) is secured to pinion 142. Rotation of torquer 
ring 42 about housing section 118 causes pinion 142 to rotate 
about its axis as it engages ring gear 140. Ring gear 140 has 
a missing or filled in tooth 146 to limit the total rotary 
movement of torquer ring 42, to just under 180° in each 
direction. Ring gear 140 and pinion 142 have a 4 to 1 ratio so 
that pinion rotates almost two complete revolutions in either 
direction. Due to friction and other losses, this causes 



distal portion 80 of core wire 72 to rotate about 180* in 
either direction. 

Housing section 118 includes a proximal portion 148 
which carries three staggered ball detents 150. Ball detents 
150 alternately engage a series of indentations 152 formed in 
the proximally facing edge of torquer ring 42 • In the 
preferred embodiment there are 30 indentations 152 spaced 
around the periphery of torquer ring 42. Ball detent 150 not 
only keeps core wire 72 in the desired rotary orientation, but 
also helps making fine adjustments in the rotary orientation of 
the core wire 72 and thus of tip 28 • Since only one ball 
detent 150 engages indentations 152 at any one time, a total of 
90 different positions are indicated by ball detents 150 
engaging indentations 152 . 

In a preferred aspect of the method of the invention, 
c ::eter 20 is transluminally positioned through a blood vessel 
so that the deflectable tip 28 is within che heart. An axial 
force is then applied to manipulator wire 58 by sliding tip 
deflection slide 40 proximally so as to laterally deflect 
deflectable tip 28 in a first curvature. To further adjust the 
curvature of the deflectable tip to an optimum configuration, 
stiffener wire 66 is translated axially relative to the 
deflectable tip by sliding curvature adjustment slide 44 
distally. When the desired degree of curvature has been 
obtained, deflectable tip 28 may be further positioned 
rotationally by rotating torquer ring 42, thereby exerting 
torque on core wire 42 which rotates the deflectable tip about 
a longitudinal axis. When the electrodes on the deflectable 
tip have been positioned near a desired target site, 
radiofrequency current is delivered through connector 46 and 
electrode wires 7 4 to electrodes 34, 36, through which current 
is conducted to the heart tissue to perform ablation. Mapping 
can be accomplished when catheter 20 is used with an ECG. 
Advantageously, the catheter may be repositioned and 
reconfigured in various shapes and curvatures without removing 
the deflectable tip from the heart, due to the ability to 
adjust the axial position of stiffener wire 66 in deflectable 
tip 28. Thus, using the catheter of the invention, virtually 
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any area of the heart may be mapped and/or ablated without 
removal or interchange of devices • 

Figs, lO-lOD illustrate a handle 38 of an alternative 
embodiment of the invention similar to the embodiment disclosed 
5 with reference to Figs. 8-8B. Similar components are referred 
to with like reference numerals and thus will not be discussed 
in detail except as necessary or appropriate. Handle 38 
includes a housing 82 made of upper and lower housing halves 
82a, 82b. The parting lines 160 are not shown in Fig. 10 but 
10 are shown in Figs. lOA and lOB. Housing halves 82a, 82b are 
preferably joined through ultrasonic welding techniques and 
capture electrical connector 46 therebetween when so joined. 
Housing half 82a has a pair of narrow slots 90, each of which 
is noirmally sealed by elastomeric wiper 139. The peripheral 
15 edges of wiper 139 have a pressure sensitive adhesive which is 
secured to an inner surface of upper housing 82a thus 
effectively sealing the interior 162 of housing 82 from the 
elements. Wipers 139 each have a slit through which a dowel 
pin 164 passes as shown in Figs. 10 and lOA. 
20 A dowel pin 164 is slidably mounted within a 

vertically extending bore 166 formed in a slider 168. The 
^o.^ proximal end 170 of manipulator wire 58 is secured to slider 

llll^ 168 while stiffener wire 66 passes a through hole 172 formed in 

slider 168. The proximal end 174 of stiffener wire 66 is 
o«oo^ 25 secured to a second slider 168. Dowel pin 164 is biased 

upwardly "by a spring 176 housed at the bottom of bore 166. Pin 
164 passes through the slit in wiper 139 and engages tip 
deflection slider ring 40. 

Tip deflection slider ring 40 comprises an inner, 
30 slide ring 178 and an outer ring 180. Inner ring 178 includes 
a pair of radially deflectable arms 182, Arms 182 each have a 
tapering outer cam surface 184 against which cam riders 186, 
extending inwardly from outer ring 180, press. By rotating 
outer ring 180 relative to inner ring 178, cam riders 186 ride 
35 along surfaces. 184 to bias spring arms 182 of inner ring 178 
inwardly against housing 82. The precise amount of friction 
can thus be adjusted to suit the user and the use. 
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Dowel pin 164 passes into a hole 188 in inner ring 
178 so that axial movement of tip deflection slide ring 40 
causes similar axial movement of slider 168 and thus of 
manipulator wire 58. Slider 168 also has a set of holes 190 
within which a limit pin (not shown) could be inserted. The 
limit pin would serve to limit the maximum movement of slider 
168 by contacting a ledge 192 formed at the proximal end of 
slot 90. 

Curvature slide ring 44 is constructed identically to 
tip deflection slide ring 40 and the slider used with slide 
ring 44 is identical to the slider 168 used with slide ring 40; 
accordingly, these components will not be described again. 

Torquer ring 42 is similar to the torquer ring of 
Fig. 8. However, instead of using ball detent mechanism to 
secure torquer ring 42 in the desired rotary position, a spring 
washer 194, see Figs. IOC, 11 and llA, is captured between 
torquer ring 42 and a retainer rino 196. Retainer 196 can be 
secured in place, thus compressing spring washer 194 between 
the abutting surfaces of torquer ring 42 and retainer ring 196, 
in a variety of ways such as using an adhesive or a set screw. 
However, the preferred way to keep retainer ring 196 from 
rotating about housing 82 is by the engagement of a pair 
inwardly and axially extending ridges (not shown) , formed on 
the inner circumferential surface of ring 196, positioned to 
engage relatively shallow grooves at parting lines 160. Once 
in positi-on against spring washer 94, retainer ring 196 is 
prevented from moving in a proximal direction by the engagement 
of two small catches 198, extending outwardly from housing 82, 
with a proximally directed recessed shoulder 200 formed by 
retainer ring 196. See Fig. lOB. 

Figs. 11 and llA show spring washer 194 with a pair 
raised sections 202 each having an upwardly extending bump or 
dimple 204. Dimples 204 are sized and positioned to mate with 
two depressions 206 (see Fig. IOC) formed in the surface of 
torquer ring 42 facing retainer ring 196. Spring washer 194 
has a pair of proximally extending tabs 208 which engage the 
shallow grooves at parting lines 160 to keep spring washer 194 
from rotating. This causes dimples 204 to frictionally engage 
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the opposed surface of torquer ring 42 when ring 42 is rotated 
about housing 82. The friction supplied by engagement of 
dimples 204 against torquer ring 42 is sufficient to maintain 
torquer ring 42 in any desired rotary position. However, the 
engagement of dimples 204 with depressions 206 help to provide 
a tactile indication of when torquer ring 42 is at the center 
of its range of travel - 

Pinion 142 has a narrow slot 210 which houses the L- 
shaped proximal end 212 of core wire 72. Accordingly, rotating 
pinion 142 causes core wire to rotate about its axis, thus 
creating a torque at tip 28 of catheter 20. However, proximal 
end 212 is free to slide along slot 210 so manipulation of 
manipulator wire 58, which causes tip 28 to bend as suggested 
in Figs. 1 and lA, is not hindered by core wire 72. That is, 
if core T^ire 72 were to be affixed to pinion 142, movement of 
manipulator wire 58 in a manner to cause tip 128 to flex would 
have a tendency to shorten, core wire 72; this would be resisted 
by core wire 72 thus tending to cause deformation of the core 
wire and possible deformation of shaft 22. 

A strain relief 213 is secured within end cap 84 and 
has shaft 22 passing therethrough. Strain relief 213 is 
preferably of a material which can be bonded to top coat 52 of 
shaft 22 without the use of an adhesive. This is preferably 
accompli «3hed by making strain relief 213 of the same material 
as top coat 52, such as PEBAX, so they can be heat bonded to 
one anoth'er. 

Figs. 12A and 12B illustrate cross sectional views of 
the shaft section and the tip section of this embodiment of 
catheter 22. These cross sectional views have been taken at 
positions similar to those of 2B and 2C, respectively. While 
Fig. 12A is sinilar to Fig. 2B, the structure shown in 12B is 
somewhat different from that shown in Fig. 2C. Specifically, 
tip 28 is formed from tip tubing 214, preferably made of PEBAX, 
having a hardness of about 3 5 to 4 5 Shore D, more preferably 
about 40 D. In addition, tip tubing 214 includes a fourth 
axial lumen 218 within which electrode wire 74 and thermocouple 
wires 76 are housed separate from core wire 70. It has been 
found that separating each of the active wires, that is 



manipulator wire 58, stiffener wire 66 and core wire 72, in its 
separate axial lumen in the tip works better by keeping the 
wires from interfering from one another. Also it is best to 
separate core wire 70 from manipulator wire 58 so less force xs 
needed to bend the core wire. Separating stiffener wire 66 
from electrode and thermocouple wires 74, 76 keep the sliding 
stiffener wire from possibly damaging the electrode and 

thermocouple wires. ^ 

Figs. 13A and 13B are cross sectional views of the 
distal end of catheter 20. Metallic tip electrode 34 is 
secured to tip 28 by a tip insulator connector 220. See Figs. 
14-14B. connector 220 is preferably made of Peek and is 
secured to tip 28 by a mechanical/thermal bond created by 
forming radial openings 240 in the central tubular extension 
242 of tip insulator connector 220 and heating tip 28 prior to 
assembly with insulator connector 220; the softened material of 
tip 28 then flows into bores 240 to provide the desired secure 
attachment. Tip electrode 34 is secured to connector 220 by a 
snap fit of an inwardly extending lip 244 at the proximal end 
of electrode 34 within a recess 246 formed in the connector 
supplemented by use of an adhesive. Distal end 222 of core 
wire 72 is passed up through a first bore 248 in connector 200, 
bent over a ledge 250 formed by connector 220 and passed down 
through a second bore 252 so that torquing of core wire 72 
causes tip 28 to rotate about its longitudinal axis. Connector 
220 also -includes third and fourth bores 254, 256 which house 
manipulator wire 58 and electrode and thermocouple wires 74, 76 
respectively. The configuration of connector 220 and tip 
electrode 34 facilitates construction and assembly of the 
distal end of the catheter. 

The use of catheter 22 of Figs. 10-14 proceeds along 
similar lines as discussed above. However the axial positions 
of slide rings 40, 44 are simply and conveniently adjusted 
through the use of a collet like assembly which allows the user 
to simply rotate outer ring 180 to achieve the desired degree 
of holding force. Repositioning rings 40, 44 can be 
accomplished with or without first loosening outer rings 180 as 
desired. Slider rings 40, 44 and torquer ring 42 can all be 
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adjusted to any position without regard to predetermined detent 
settings. Moving manipulator wire Sz axially is accommodated 
by the axial sliding movement of proximal end 212 of core wire 
72 within narrow slot 210 of pinion 142. 

Fig. 15 illustrates an alternative embodiment of 
housing half 82b shown in Fig. lO. This housing half 8213 • is 
used When the only adjustment to be made by the user is that 
for manipulator wire 58. A slider 168, not shown in Fig- 15, 
will be supported by tracks 226 formed in housing half 82b • and 
coupled to a tip deflector slide ring 40 as in embodiment in 
Fig. 10. Stiffener wire 66 is, however, passed through holes 
228 formed in a locking post 230 extending from housing half 
82b''. A self tapping screw, not shown, is typically used to 
secure manipulator wire 15 in position. Housing half 82b » has 
a series of stiffness indicia 232. Stiffness indicia 232 can 
be used to adjust the position of stiffener wire 66 within 
locking post 2 30 thus adjusting the distance stiffener wire 66 
extends within tip 28 to change the radius of curvature as 
suggested in Figs, 3A and 3B. Tip stiffness adjustments with 
this embodiment are not intended to be done by the user but 
rather during assembly. 

Housing half .82b' also has a pair of core wire dowel 
cradles 234 extending therefrom and sized to support a core 
wire dowel 236. core wire dowel 236 serves the same function 
as pinion 142 of Fig. 10 in that it has a narrow slot 238 
within which the L-shaped proximal end 212 of core wire 7 2 can 
reside and slide axially but not rotate about its own axis. 
Accordingly, core wire 7 2 can be left untorgued or have a 
predetermined torque applied to it by j;otating core wire dowel 
23 6. Core wire dowel 236 is then fixedly secured to dowel 
cradles 234 such as through a snap or friction fit or through 
the use of an adhesive. Like with stiffener wire 66, the 
torque adjustment to core wire 72 is not intended to be a user 
adjustment in this embodiment of Fig, 15, but is intended to be 
adjustable during assembly. 

While the above is a complete description of the 
preferred embodiments of the invention, various alternatives, 
modifications and equivalents may be used. Therefore, the 



27 



abovft should not be taken as limiting the scope of 
inveAtiio^, which is defined by the appended claims. 



28 

The claims defining the invention are as follows: 

1, A sieerable electrophysiology catheter comprising: 
a handle; 

a shaft having a proximal end extending from the handle, a distal end, and an 
axial lumen therebetween; 

a deflectable tip having a proximal end secured to the distal end of the shaft, a 
distal end and an axial tip lumen in cbnununication with the axial lumen of the shaft; 

at least one electrode secured to the deflectable tip; 

an electrical current path between the handle and the electrode; 

a manipulator wire extending through the axial lumen of the shaft and the tip 
lumen, the manipulator wire having a distal end secured to the distal end of the 
deflectable tip and a proximal end at the handle; 

the handle comprising a manipulator wire driver axially drivingly coupled to 
the proximal end of the manipulator wire to apply an axial force to the manipulator 
wire to deflect the deflectable tip into a first curvature; and 

a tubular strain relief member acting as an interface between the shaft and the 
handle, the strain relief member having an inside surface and the shaft having an 
outside surface, the inside surface of the strain relief and the outside surface of the shaft 
made of heat weld compatible materials so the strain relief and the tube can be heat 
weldable to one another without the use of an adhesive. 

2. A steerable electrophysiology catheter comprising: 
a handle; 

a shaft having a proximal end extending from the handle, a distal end, and an 
axial lumen therebetween; 

a deflectable tip having a proximal end secured to the distal end of the shaft, a 
distal end and an axial tip lumen in communication with the axial lumen of the shaft; 

at least one electrode secured to the deflectable tip; 

an electrical current path between the handle and the electrode; 

a manipulator wire extending through the axial lumen of the shaft and the tip 
lumen, the manipulator wire having a distal end secured to the distal end of the 
deflectable tip and a proximal end at the handle; 

a manipulator wire driver mounted to the handle and axialiy drivingly coupled 
to the proximal end of the manipulator wire to apply an axial force to the manipulator 
wire to deflect the deflectable tip into a first curvature; and 

said manipulator wire driver including a first, axially movable element secured 
to the manipulator wire, a second element rotatably mounted to the first element and 
cam means for biasing a chosen one of the first and second elements against the handle 
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so to secure the manipulalor wire driver at a chosen axial position according to the 
rotary orientation of the second element. 

3. The catheter of claim 2 wherein the second element is said chosen one 
of the first and second elements and said first element is a ring-like element having at 
least one weakened region to permit a part of the first element to be biased against the 
handle by the second element. 

4. A steerable electrophysiology catheter comprising: 
a handle; 

a shaft having a proximal end extending from the handle, a distal end, and an 
axial lumen therebetween; 

a deflectable tip having a proximal end secured to the distal end of the shaft, a 
distal end and an axial tip lumen in conmiunication with the axial lumen of the shaft; 

at least one electrode secured to the deflectable tip; 

an electrical current path between the handle and the electrode; 

a core wire disposed in the axial lumen of the shaft and the tip lumen, the core 
wire having a distal end rotatably driveably coupled to the deflectable tip and a 
proximal end at the handle; and 

the handle comprising a core wire rotator rotatively drivingly coupled to the 
proximal end of the core wire so to rotate the core wire about its axis thereby rotating 
the deflectable tip about a longitudinal axis without the need to rotate the proximal end 
of the shaft. 

5. The catheter of claim 4 wherein the core wire rotater includes a core 
wire drive element connected to the proximal end of the core wire and a core wire 
torquer ring rotatably coupled to the core wire drive element and rotatably mounted 
about the housing for manipulation by a user. 

6. The catheter of claim 5 wherein the core wire rotater includes: 
a retainer surface adjacent to the core wire torquer ring; and 

a spring washer mounted about the housing and captured between the retainer 
surface and the core wire torquer ring to create a frictional resistance to the rotation of 
the core wire torquer ring about the housing and to provide unlimited positional 
adjustment of said core wire torquer ring. 

7. The catheter of claim 4 further comprising a tubular strain relief 
member acting as an interface between the shaft and the handle, the strain relief 
member having an inside surface and the shaft having an outside surface, the inside 
surface of the strain relief and the outside surface of the shaft made of heat weld 
compatible materials so the strain relief and the tube can be heat weldable to one 
another without the use of an adhesive. 
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8. The catheter of claim 4 wherein the core wire rotator includes means 
for rotatably drivingly engaging the proximal end of the core wire while permitting the 
proximal end of the core wire to move freely, relative to the handle, in an axial 
direction. 

9. The catheter of claim 4 wherein the at least one electrode includes a 
tip electrode and a tip insulating connector securing the tip electrode to the shaft, and 
further comprising means for creating a mechanical/thermal bond between the shaft and 
the tip insulating connector, said bond creating means including openings formed in the 
tip insulating connector into which softened shaft material can flow. 

10. The catheter of claim 9 wherein the lip insulating connector includes 
first and second bores within which the distal end of the core wire can be housed to 
rotatably driveably couple the deflectable tip to the core wire. 

Dated 30 October, 1996 
Medtronic Cardiorhythm 
Patent Attorneys for the Applicant/Nominated Person 
SPRUSON & FERGUSON 
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STEERABLE ELECTROPHYSIQLQGY CATHETER 



ABSTRACT OF THE DISCLOSURE 

An electrophysiology catheter (20) comprises a shaft 
(22) having a first bending stiffness and a deflectable tip 
(28) secured to the distal end (24) of the shaft with a second 
bending stiffness less than the first bending stiffness. At 
least one electrode (34, 3 6) is mounted to the tip for 
delivering current to or monitoring electrical activity of 
tissue, A manipulator wire (58) is coupled to the distal end 
of the deflectable tip, whereby the deflectable tip may be 
deflected by eixial force applied to the manipulator wire. A 
stiff ener member (66) is axially slidable relative to the tip 
so as to adjust the tip curvature without removing the catheter 
from the body. The catheter may further include a core wire 
(72) configured to rotate the deflectable tip about a 
longitudinal axis (2) without rotating the proximal end (26) of 
the catheter shaft, wherein the distal end of the deflectable 
tip remains in a substantially constant axial position, 
preferably in a plane perpendicular to the longitudinal axis. 
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